Please cite this article in press as: Zovko, B. , or bathypelagic (800-1200 m) and vertical dispersion (scattered or non-scattered). Four diel patterns emerged: (i) nocturnal ascent to upper layers (Euphausia brevis, E. hemigibba, E. krohnii, Nematoscelis megalops, N. couchii), (ii) migration to upper layers at middle of the day and at night, and descent during the morning and evening (Stylocheiron maximum -only winter), (iii) weakly-migrating or non-migrating (S. longicorne), (iv) irregular migration independent of the day/night cycle (S. abbreviatum, S. maximumduring spring, summer and autumn, T. aequalis).
Introduction
The Adriatic Sea consists of two contrasting ecosystems: the Northern Adriatic, eutrophic shelf area where nutrients are supplied by lateral terrestrial inputs; and the Southern Adriatic, semicircular oligotrophic basin with depths to about 1200 m, influenced by water masses from the Ionian Sea. The most prominent bathymetry feature in the Adriatic is the South Adriatic Pit (SAP), which is preserving cyclonic circulation around its perimeter (Gačić et al., 2002) . The SAP interacts with the Eastern Mediterranean through the Strait of Otranto ($800 m depth). Advection of saline Levantine Intermediate Water (LIW) alternates with low-salinity Modified Atlantic Water (MAW) that originates in the Western Mediterranean (Gačić et al., 2010; Vilibić et al., 2012 Q3 ) on a roughly 10-year cycle termed the Adriatic-Ionian Bimodal Oscillation or BiOS (Gačić et al., 2010) . The low primary production, low chlorophyll a, and high temperatures in many oligotrophic environments favor heterotrophic plankton communities (Duarte et al., 2013) . One such region, the phosphate-limited Eastern Mediterranean Sea (Krom et al., 2010; Siokou-Frangou et al., 2010) , is the predominant influence on the open waters of the South Adriatic (Malanotte-Rizzoli et al., 1997) . Being a temperate area, the Adriatic Sea is characterized by a strong seasonal variability of the phytoplankton biomass reaching a maximum in spring (Antoine et al., 1995) followed by zooplankton annual peak in this period (Benović et al., 2005; Hure et al., 1980; Kršinić, 1998) . Picophytoplankton dominates the South Adriatic and appears to be its main primary producers (Najdek et al., 2014) . Microphytoplankton production is restricted to lowersalinity, nutrient-rich coastal waters, the deep chlorophyll maximum, and periods during or following winter convection (Batistić et al., 2012; Cerino et al., 2012; Gačić et al., 2002) . The microzooplankton is dominated by tintinnids (Fonda Umani and Monti, 1993) . Herbivorous copepods are dominant in mesozooplankton community throughout the year, while carnivorous species are also better represented (Fonda Umani, 1996) . The communityof this area showshigh diversity and greater stability.
Euphausiids play an important role in pelagic food webs. This is expressed by their substantial contribution to ocean biomass (Casanova, 2003; Mauchline and Fisher, 1969) and their diel vertical migrations that rapidly transport organic matter from the productive epipelagic zone to deeper layers (Harvey et al., 2009; . These migrations are modulated principally by light and temperature. It is not unusual that distribution varies during larval development because different stages require different nutritional and predator-avoidance needs (Spiridonov and Casanova, 2010) .
Investigating only larvae instead of adults is sensible as these occur in high numbers and can be sampled reliably with planktonic nets. Also, data on Mediterranean euphausiids is largely restricted to older papers (Casanova, 1970 (Casanova, , 1974 Casanova-Soulier, 1963; Franqueville, 1971; Mauchline and Fisher, 1969; Mavidis et al., 2005; Ruud, 1936; Trégouboff and Rose, 1957; Wiebe and D'Abramo, 1972) and relatively little attention has been paid to their developmental stages (Andersen et al., 1998; Brancato et al., 2001; Casanova, 1970 Casanova, , 1974 Gangai et al., 2012; McGehee et al., 2004) . This data fills a knowledge gap in the Mediterranean Sea of larval euphausiid.
Investigations of the Adriatic Sea euphausiids thus far have been restricted to the deep South Adriatic Pit ($1200 m) and a limited area of the Jabuka Pit in the midAdriatic ($275 m). The first records of Adriatic euphausiids were by Ruud (1936) who identified 12 species in the southern section. Hure (1955 Hure ( , 1961 and Šipoš (1977a) later confirmed these findings. Guglielmo (1979) provided records from the deep Southern Adriatic using an Isaacs-Kidds mid-water trawl. The first data for euphausiid developmental stages are those of Gangai et al. (2012) who noted their importance in the secondary production of the oligotrophic Southern Adriatic and related furciliae and calyptopes migrations to extrapolated mean-depth light intensity. Diel differences in calyptopes numbers within designated depth layers were interpreted as an indication of the extent of diel vertical migration. Gangai et al. (2012) found larvae of 11 euphausiid species with first record of Thysanoessa gregaria previously reported only from the western and central Mediterranean (Brinton et al., 2000; Casanova, 1974; Mauchline and Fisher, 1969; Mavidis et al., 2005) .
With euphausiids and their developmental stages among the least known elements of the Mediterranean and Adriatic holoplankton, the objectives of this study were to: (1) determine the composition and abundance of Adriatic calyptopes; (2) compare these with data from earlier investigations; (3) describe and explain any changes in the composition of Adriatic calyptopes; (4) identify the pattern of calyptopes diel and seasonal distribution over the four seasons. A key assumption is that seasonal samples collected at short intervals and at different times of day provide data with sufficient resolution to accomplish all stated research objectives. Depending on temperature and feeding, each calyptopis stage lasts a few days before molting. Another assumption is that all species whose calyptopes have been found in our samples spawn in deep Adriatic and their distribution is limited by depth.
Material and methods

Study area
Zooplankton was sampled at a single station (41844 0 N 17852 0 E, $1200 m depth, Fig. 1 ) in the southern Adriatic Sea during four seasons (10 and 11 February 2004; 24 April 2009; 22, 23, 24, 25, 27 and 28 July 2003; 18 October 2004) . This is the deepest part of the Adriatic and therefore the most representative place to study distribution of euphausiid larvae. Thirty-five sample series were collected (Table 1 ) with a Nansen opening-closing net (200 mm mesh, 113 cm diameter) at the following depth intervals: 0-15 (above the summer thermocline), 15-50, 50-100, 100-200, 200-400, 400-600, 600-800, and 800-1200 m. Some tows overlapped sunrise or sunset with day or night periods (Table 1) . Average hauling speed of all tows was 0.5 m s À1 . Samples were preserved in a 4% formalin-seawater solution buffered with CaCO 3 . Species were identified with an Olympus SZX-9 stereomicroscope.
There are three calyptopis stages: Ca I has functional mouthparts, as well as the first thoracic leg (maxilliped); Ca II has the beginning of a segmented abdomen; Ca III has the beginning of uropods and telson separated from the 6th abdominal somite. Owing to the small number of individuals collected, all three calyptopis stages were combined to analyze composition and calculate densities.
Abundance was expressed as number of individuals 100
À3
of all found calyptopes species (Table 2) . Identification followed Brinton et al. (2000) , Casanova (1974) and Mauchline and Fisher (1969) . A SeaBird OC25 probe was used to measure hydrographic properties and chlorophyll a concentrations for the whole water column. The probe is accurate to 0.018C temperature, 0.003 salinity, and 0.5 m depth. The weighted mean depth (WMD) of all representative species was calculated as:
where d i is the midpoint of the depth interval of a sample i, z i is the thickness of the stratum, n i is the number of individuals within each depth layer (ind. 100 m À3 ). 
Hydrographical conditions
In winter and spring, mean temperature decreased from less than 168C at the surface to 138C at the bottom (Fig. 2) . Temperature was higher in summer and autumn: 23.58C at the surface and 158C below 50 m. Salinity was higher in winter (38.50 at the surface and 38.98 at 400 m) and spring (38.4-39.06 at 200 m, Fig. 3 ) with small variations in summer (38.6 at the surface to 38.5 at the bottom) and autumn (38.7-38.8).
Chlorophyll (0.85 ml L À1 ) was higher in the surface layer in winter and between 50 and 100 m in summer (0.83 ml L À1 , Fig. 4 ).
Calyptopes composition and abundance
Calyptopes of 11 euphausiid species were recorded (Table 2) . Based on the frequency of occurrence, calyptopes were labeled as very rare (0.03-0.99%), rare (1-20%), common (21-70%), or very common (70-100%). The present work focused on the most abundant species, those classified as "very common" or "common". Thysanopoda aequalis calyp- ) and summer (18%, 194 ind. 100 m À3 ). They were found at all times of the day throughout the water column in winter. No pronounced diel migration was observed. T. aequalis calyptopes were most numerous in evening and at night. Calyptopes were found in whole water column in the spring during night and morning, and below 100 m during the day. They were less numerous and scattered throughout the water column in summer and autumn (Fig. 5) .
E. krohnii developmental stages were more numerous in winter (12%, 399 ind. 100 m À3 ) and spring (5%, 208 ind. 100 m À3 ). Their calyptopes inhabited the entire water column in winter, except between 400 and 600 m (Fig. 6 ). They were found between 50 and 400 m in the morning, remained there through the day, and were in the upper 200 m in the evening and at night. In spring, they were in upper 200 m of morning samples, descended to 100-400 m during the day, and rose to the surface at night (Fig. 6 ). Calyptopes were recorded in all layers except the deepest in summer. Higher relative abundances were found at the surface and in the 100-200 m layer.
Nyctiphanes couchii calyptopes were found in the winter, spring, and summer at 5.9%. In winter, calyptopes were found in the surface and bottom layers (Fig. 7) but were collected in all layers in spring. The aggregation was in the surface and sub-surface layers at night in spring. Most of the aggregation was between 50 and 200 m in the morning, although some remained in the bottom layer. During summer, calyptopes were found in the sub-surface in the evening and between 400 and 600 m at night.
S. abbreviatum calyptopes were present in all seasons (Fig. 8) but were more abundant in summer (21%, 224 ind. 100 m À3 ). Two groups were distinguished in winter morning samples: one between 200 and 400 m and the other between 800 and 1200 m. Most migrated to the upper layer (50-100 m) during the day, but a small portion remained in each of the two aforementioned morning layers. There was some dispersion from 200 to 1200 m in the evening. The aggregation rose overnight but did not reach the upper 100 m. In spring, S. abbreviatum calyptopes were scattered in the morning, sank during the day, and migrated to 50-200 m at night. In summer during the day, most of the calyptopes aggregated in the 200-600 m layer; only a small fraction The highest number of Euphausia brevis calyptopes was in winter (321 ind. 100 m À3 ) when they undertook diel vertical migrations. Most of calyptopes inhabited the 50-400 m layer during the day (Fig. 9) . At night, part of the calyptopes rose to the sub-surface layer and part descended to 200 m. During spring mornings they grouped at 100-200 m and migrated to the surface at night. In summer during the day they migrated from 100 to 600 m, with only a small part of the aggregation found at the surface.
Migration and depth distribution
Four calyptopes vertical migration patterns were identified in the Adriatic: (i) nocturnal ascent to upper layers (E. brevis, E. hemigibba, E. krohnii, Nematoscelis megalops, Nyctiphanes couchii); (ii) migration to upper layers in the middle of the day and at night, and descent during the morning and evening (Stylocheiron maximum in winter); (iii) weakly-migrating or non-migrating calyptopes (Stylocheiron longicorne); (iv) irregular migration (S. abbreviatum, S. maximum in spring, summer, and autumn; T. aequalis). The migratory pattern of Meganyctiphanes norvegica calyptopes has not been determined owing to limited data.
As determined by weighted mean depth (WMD) averaged over seasons, calyptopes typically were found in one of four layers labeled surface (0-50 m), sub-surface (50-200 m), In winter, E. brevis, E. hemigibba, E. krohnii, N. megalops, and T. gregaria were sub-surface species. Three species of Stylocheiron (S. abbreviatum, S. longicorne, S. maximum) and T. aequalis were mesopelagic, and N. couchii was bathypelagic (Table 3 ). E. brevis and E. krohnii calyptopes had sub-surface WMDs in spring when all others were mesopelagic. In summer, E. krohnii and N. couchii were in the surface layer and others were mesopelagic (Table 3) . During autumn, S. maximum calyptopes were in the sub-surface layer and S. abbreviatum, S. longicorne, and T. aequalis were mesopelagic.
The range of depth distribution (RDD) was used to characterize calyptopes as either scattered or non-scattered. Accordingly, N. couchii, S. abbreviatum, and T. aequalis calyptopes were "scattered". Those of S. abbreviatum and S. maximum had high RDDs that fit the broad depth-range over which they were collected. The bathypelagic calyptopes of N. couchii extended from the surface to the bottom (Table 3) , but in winter they were exclusively in the deepest layer.
Discussion
Annual variation of environmental factors in the upper 100 m of the deep Southern Adriatic (Figs. 2-4 ) are generally consistent with findings from earlier studies, although summer and autumn temperatures (23.58C surface, 158C below 50 m) were noticeably higher than in researches of Hure et al. (1980) and Kršinić (1998) . The latter may be a consequence of the recent warming trend documented in the Mediterranean and Adriatic . Some of the changes in zooplankton composition can be related to regional climate fluctuations (Berline et al., 2011) and the influence of deepconvection in the South Adriatic (Gačić et al., 2002) .
Among 12 species of adults (Guglielmo, 1979; Šipoš, 1977a ,b) and 11 calyptopes of the same species (Gangai et al., 2012) , this investigation confirmed 11 species of calyptopes previously found in Adriatic. Calyptopes of Stylocheiron suhmii and Nematoscelis atlantica were not found although these species were formerly listed as residents of the Adriatic (Guglielmo, 1979; Ruud, 1936; Šipoš, 1977a,b) . In this study sampling method suitable for evaluating euphausiid larval stages was used, but no confident estimates could be done for postlarval stages or adults, as these are able to avoid the plankton net. This study focused on the most abundant species: T. aequalis, E. krohnii, N. couchii, S. abbreviatum, and E. brevis. The vertical distribution of calyptopis abundance of these species varied daily and seasonally.
The lack of data for calyptopes in the wider Mediterranean precludes direct comparison with the present study. Comparisons thus must be restricted to available data on the total 252  253  254  255  256  257  258  259  260  261  262  263  264  265  266  267  268  269  270  271  272  273   274  275  276   276  277  278  279  280  281  282  283  284  285  286  287  288  289  290  291  292  293  294  295  296  297  298  299  300 301 302 Figure 9 Vertical distribution of Euphausia brevis calyptopes. Relative abundance on the upper axe represents percentage of calyptopes found in that layer. Bubble size indicates relative abundance of calyptopes during certain part of the day (from 2% till 100%) during one series of sampling in that layer. number of all euphausiid larval stages. Casanova (1970) identified larval stages of 13 species in the Mediterranean. In the western basin, those of E. krohnii and N. megalops dominated; in the central, T. aequalis larvae were dominant; and in the eastern Casanova (1974) found those of T. aequalis , E. hemigibba, and M. norvegica. N. megalops and E. krohnii were most abundant in the Strait of Messina (Brancato et al., 2001) . Comparing the results of Brancato et al. (2001) and Casanova (1970) with those of this study suggests that the composition of Southern Adriatic euphausiids is influenced by both eastern and western Mediterranean populations. This is inconsistent with the findings of Šipoš (1977b) who identified predominantly western Mediterranean species in the Adriatic. This discrepancy might be explained by the expansion of tropical species arriving via the Strait of Gibraltar and the Suez Canal (Raitsos et al., 2010) in response to basin-scale climate change (Shaltout and Omstedt, 2014; Ulbrich et al., 2013) . Changes in the circulation of major water masses that enter the Adriatic from the Ionian Sea (Gačić et al., 2010) also influence the composition of Adriatic planktonic fauna (Pečarević et al., 2013) .
The highest number of all calyptopes was in spring (3797 ind.100 m À3 ). Generally, Southern Adriatic zooplankton reaches their annual peak in this period (Benović et al., 2005; Hure et al., 1980; Kršinić, 1998) following the phytoplankton bloom (Antoine et al., 1995) . The lowest number was in the fall (99 ind.100 m À3 ). The abundance of calyptopis found by the present work was higher than previously reported in the Mediterranean.
Diel vertical migration of calyptopes varies between (Andersen et al., 2001 ) and within species (Andersen and Sardou, 1992; Mauchline and Fisher, 1969; Taki et al., 2009) . Triggers are both physico-chemical (light, gravity, oxygen) and biological (predation). Gangai et al. (2012) studied the effect of light intensity and hydrographic conditions on larval migratory patterns and found difference in calyptopes abundance between morning, day, sunset, and night showing clearly that some species migrated vertically. That confirms that behavioral mechanisms together with hydrographic conditions are important in forming aggregations, acting to maintain species in favorable areas limiting their energy use (Mauchline and Fisher, 1969; Spiridonov and Casanova, 2010) . Calyptopes and furciliae stages typically had different ranges and vertical distributions, both of which suggest different migratory behavior. Calyptopes had a smaller range of migration than furciliae or adults. They also inhabited a wider depth range. Those of some species notably exhibited an irregular migration pattern in which part of the group lagged -or did not even join -the diel rise of the main aggregation. Moreover, calyptopes frequently were found in the near-bottom layer. There is no evidence to suggest that calyptopes living at 600 m ever rose to the surface layer ( Mauchline and Fisher, 1969) this explains the presence of two separate groups of calyptopes of the same species: one living in the upper layers and the other near the bottom. Depending on temperature and feeding, each calyptopis stage lasts a few days before molting. Therefore our assumption is that all species whose calyptopes have been found in our samples spawn in the Adriatic. The timing of their appearance and abundance thus are determined by the reproductive characteristics of the parent group. T. gregaria has a short mating season (one season), while others -E. krohnii, E. brevis, E. hemigibba, N. couchii, T. aequalis, N. megalops, and all three representatives of Stylocheiron extend reproduction over two or more seasons.
Weighted mean depth data indicate the preferred vertical zones of Southern Adriatic calyptopes. Calyptopes of the epipelagic species E. brevis, E. krohnii, and E. hemigibba are found in the upper 100 m and subsurface layer (100-200 m) where the influence of surface currents, freshwater inflow, and seasonal temperature and light variations are most evident. The mezopelagic zone (200-800 m) is inhabited by N. megalops, S. abbreviatum, S. longicorne, S. maximum, and T. aequalis. N. couchii larvae frequently were collected in the bottom layer, in contrast to the neritic habitat of adult N. couchii in the Mediterranean and Adriatic described by D'Amato et al. (2008) and Šipoš (1977b) .
Scattered and non-scattered aggregations, classified according to the range of their depth distribution, illustrate that calyptopes have different vertical distributions over the course of the year. Likely these are associated, at least in part, with the different depths at which their ecological preferences are found as the area's physical environment undergoes seasonal changes. Vertical migration seems to provide the best chances of utilizing resources from the environment they inhabit. Thus, behavioral mechanisms are important in maintaining aggregations and interact with hydrographic conditions to maintain species in a favorable area.
In the absence of a continuous observational presence in the area, through either monthly ship-based sampling or autonomous platforms, their ecology and behavior will remain insufficiently studied. However, our results indicate the possibility of considerable variations in production, bathymetric distribution and diel vertical migrations in oligotrophic open waters of temperate regions, driven by an overall complexity of processes in the entire water column.
Conclusion
The present work reports data for larval euphausiids stages in the open-water station in the oligotrophic South Adriatic Sea sampled at morning, midday, evening and night. Among the 11 species identified in the present study, the most abundant calyptopis was T. aequalis. Four diel patterns vertical migrations were emerged: (i) nocturnal ascent to upper layers (E. brevis, E. hemigibba, E. krohnii, N. megalops, N. couchii), (ii) migration to upper layers at middle of the day and at night, and descent during the morning and evening (S. maximum -winter), (iii) weakly-migrating or non-migrating (S. longicorne), (iv) irregular migration independent of the day/ night cycle (S. abbreviatum, S. maximum -spring, summer and autumn, T. aequalis).
The overall conclusion is that euphausiids developmental stages during the year have different scatter distributions and different ecological preferences. Though not homogenous, all species are interrelated by preference of bathymetric distribution and specific daily vertical migration. Therefore it can be assumed that distribution is conditioned by environmental and production particularities of certain area and is caused by the different migration rhythm of the same species depending on geographic location, which has not yet been sufficiently studied in the Mediterranean Sea.
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